This paper investigates the exposure of industry level portfolios to oil price shocks. Our paper utilizes the Campbell (1991) decomposition of stock returns based on a log-linear approximation to the discounted present value relation while allowing for time varying expected returns. The results from our baseline regressions indicate that there is little sensitivity in industry level portfolios to unexpected movements in oil prices, with the gold, oil & gas and retail industries being the only exception. In contrast, based in the Campbell (1991) decomposition, we identify extensive exposure to oil prices in industry level returns in particular channels. The extent of the exposure is particularly significant for a number of the industries, with positive (negative) permanent implications for gold, and the oil and gas industries (retail and meals, restaurants and hotels).
Introduction
There has long been interest in the extent and effects of oil price exposure on economic activity. Recent empirical evidence, such as Hamilton (2009) , finds that shocks to oil prices tend to reduce output growth. However, there has been, until recently, much less research examining the exposure of asset returns to oil price shocks, with notable contributions including Chen et al (1986) , Jones and Kaul (1996) Sadorsky (1999) and Kilian and Park (2009) In this paper, we estimate the exposure of industry level stock returns to oil price shocks, and we decompose the channel through which that exposure operates.
We first estimate this exposure in the context of a linear factor model, such as the Arbitrage Pricing Theory (APT), with measured macroeconomic factors, as in Chen et al (1986) . We then identify the sources of exposure in industry level stock returns by decomposing total returns into two primary components, consistent with the rational valuation formula (RVF) for stock prices. The RVF states that prices will equal the present value of future dividends, or cash flows, discounted at the appropriate time-varying, risk-adjusted discount rate. Campbell (1991) and Campbell and Ammer (1993), among others, have utilized this relationship to decompose changes in excess returns into a component representing revisions in future cash flows, and a component representing revisions in future expected returns, or discount rates. 1 The exposure of industry level stocks returns to oil prices can then be apportioned to revisions in expectations regarding these two components, where revisions to future cash flows is related to cyclical economic effects and revisions to future excess returns or discount rates is related to risk premia.
In particular we examine the role played by innovations in expected dividend growth and innovations in future excess returns in relation to US industry stock returns. Two studies that have previously examined this issue, both from the per-spective of aggregate US returns, find conflicting results. Kilian and Park (2009) reject the role of expected dividend growth channel, while Jones and Kaul (1996) find a major role for expected dividend growth. 2 It is unclear whether stock returns fall because oil prices affect expected future cash flows, or, for example, risk premia.
Our paper reinvestigates this channel.
In the context of our linear factor model, we find that the direct exposure of industry portfolio returns to oil prices is relatively weak for the majority of industries, which is consistent with prior research (see Huang et al, 1996) . 3 Some industries, however, have statistically significant exposure to oil prices, including the oil and gas industry. Consistent with our priors, the exposure of this industry to oil prices is positive.
Based on Campbell's (1991) decomposition of stock returns, we then investigate the channels through which oil prices affect 18 industry portfolios for the US, using data complied by Kenneth French. We find that about half of the industries have significant (at the 5% or 10% level) exposure to oil prices through expected revisions in cash flows, while thirteen industries have exposure (at the 5% or 10%) level through expected future risk premia. The exposure through cash flows to oil prices is largest in magnitude for gold and the oil and gas industry. In contrast to previous studies, which focused on aggregate stock returns (Jones and Kaul (1996) and Kilian and Park (2009)), our industry level analysis suggests that both cash flows and excess returns play a statistically significant role, and that the role varies by industry. 4 The cash flow channel may be interpreted as having effects that are permanent, since it represents future investment opportunities. For gold and the oil and gas industry, the (positive) permanent channel dominates the discount rate channel, indicating the long-term investment benefits to these industries as a result of an oil price shock. However, the permanent, cash flow, effects also dominate the negative exposure of meals, restaurants & hotels and retail industries. Our results are a Unlike Jones and Kaul (1996) , these authors highlight the dominant role played by excess return channel in relation to the influence of oil price shocks on stock returns.
More recently, Sorensen (2009) finds that oil price changes caused by exogenous 5 The only exception is when Huang et al. (1996) examine the relationship between oil price futures and oil company returns. 6 The authors are unable to find any statistically significant evidence of a role played by expected returns or cash flows in the case of Japan and the UK. 
Methodology and Exposure Metrics
Our empirical methodology has two components. In the first stage, we decompose asset returns into two components, representing innovations in contemporaneous and future dividends, and future excess returns. In the second stage, we estimate the exposure of each component to two state variables, the broad market and oil prices, in the context of the linear factor model with measured macroeconomic factors.
Campbell Decomposition
Campbell (1991) decomposes innovations in excess returns into innovations in three components: contemporaneous and future dividends and future excess returns. This intuitive result is derived from a log-linear approximation to the simple discounted present value relation given by the Gordon growth model, while allowing for time varying expected returns. The innovation in current excess returns is then simply the difference between the realized and expected return.
In particular, the Campbell (1991) and Campbell and Ammer (1993) show that, after a linearization, the innovation in contemporaneous returns can be represented
whereẽ e t+1 = r t+1 − E t r t+1 represents the innovations in excess returns;ẽ d t+1 represents innovations in contemporaneous and future dividends andẽ t+1 represents innovations in future expected returns or discount rates applied to cash flows. The intuition is that positive innovations in returnsẽ e t+1 must be due to either upward revisions in future cash flowsẽ d t+1 or downward revisions in future discount rates e t+1 .
More formally, these innovations are derived as revisions in the conditional expectations of the discounted future value of dividends and returns
The discount factor ρ, in steady state, is equal to the equity price divided by the equity price plus dividend. In practice, implementing this decomposition requires empirical proxies to estimate the revisions in the conditional expectations in equation (2) . A natural method for generating these conditional expectations is to linearly project the excess stock returns on variables known contemporaneously.
This is the approach taken by Campbell (1991) and Campbell and Ammer (1993) .
In the context of our implementation, the excess return on each industry portfolio r i,t is assumed to be a linear function of l state variables x t (here l = 4) which are known to market participants at time t. If the industry returns are stacked in a vector r t , with r i,t as the i th row
and a i is the i th row of the l element coefficient vector. As state variables, we use the excess market return (CRSP value-weighted index minus 3 month Treasury bill yield), long short yield spread (10 year Treasury bond yield minus the 3 month treasury bill yield), the market smoothed price earnings ratio (measured as the log ratio of the S&P 500 price index to a 10 year moving average of S&P 500 earnings) and the small stock value spread (measured as the difference between the log book-to-market ratios of small value and small growth stocks 
and the revision in long horizon expectations of x t made between the current period and the next is:
Using the definitions of the news variables in equation (2) and the revision of expectations in the vector of state variables in equation (6), Campbell (1991) derives the news components of the returns for each portfolio i as function the model parameters:
where e1 ′ is a selection vector which 'picks out' the excess market return from the VAR. The left hand side variables in equation (7) are the news about future dividends on portfolio i, (related to cyclical economic effects) and news about future excess returns, (related to risk premiums). 
Return decomposition
In the second stage, we estimate the exposure of each of the components of asset returns to the macroeconomic factors, which includes oil prices. The sensitivity (beta) decomposition is defined by using the unconditional variances and covariances of the innovations in returns and factors (oil price changes). The beta on the return to portfolio i with respect to the k th factor (e.g. oil price changes) is defined as:
which is simply the covariance between the unexpected excess return on portfolio or industry i,ẽ i , and the unexpected excess return on factor k,ẽ k , divided by the variance of the unexpected excess return on the kth factor. These factor betas β i,k
can then be decomposed into betas related to dividends and betas related to future excess returns:
where β di,k is the beta between the innovation in the k th factor (e.g. oil price changes) and news about portfolio i's future cash flows or dividends and β ei,k is the beta between the innovation in the k th factor and news about future industry excess returns or discount rates. In the language of Campbell and Vuolteenaho (1994), this is a 'good beta'. Note that this latter beta will, in general, be negative, making the contribution to the total beta positive (note that Campbell and Vuolteenaho (1994) report the negative of this beta).
The factor innovations, which must be conditionally mean zero, are simply the residuals from the k individual VAR equations given by equation (4) e k =x k,t+1 (10) wherex k,t+1 is the k th row of the innovation vectorx t+1 . Having estimated equation (4) and calculated the decomposition given by equations (7) it is straightforward to calculate the factor betas in equation (9).
Data and Empirical Results

Data
The degree of oil price exposure is examined over the period December 1974 to Table 2 indicates all industries have a negative relation with higher oil price movements, with the exception of chemicals, coal, gold, machinery, oil & gas, steel and utilities.
Empirical Results
Before addressing the extent of the exposure to oil price movements, we investigate the general level of market exposure across the industry level portfolios for the US. In column 2 of table 4 we report the market excess return betas for each of the 10 We tested the lag length in the VAR using the standard information criteria, Akaike information (AIC) and Schwartz Bayesian (SBC) and found a lag length of one. This is consistent with studies that have adopted this approach in the asset pricing literature, (see Cuthbertson and Nitzsche, 2005) .
industrial sectors in the US. In all cases the market betas are statistically significant at the 5% level, with the smallest market beta of 0.478 for utilities and the largest being 1.363 for steel. Thus for every 1% increase in market risk, there is a wedge of close to 1% driven between the two U.S. sectors. In column 3 we report the oil betas. The magnitude of the oil beta point estimates is small and tends to vary in sign. The oil betas on the gold, oil & gas and retail industries are significant at the 5% level, while the betas on coal, consumer goods, restaurants and transport industries are significant at the 10% level. The signs on the beta coefficients indicate that, following an unexpected increase in the price of oil, required returns on firms in the gold and oil & gas industries also tend to increase.
Our findings, while consistent with those reported previously (see Huang et al., 1996) , suggest that the exposure of US industry stock returns to changes in oil prices is relatively modest, although thus far our estimation model has focused on the extent of gross exposure via unexpected changes in oil prices, rather than through some component parts. These potential sources of exposure has not been empirically modeled previously, but they may be thought of as an avenue for more complicated exposures, e.g. through the potential effects on production costs, market share and the implications for firm's competitiveness.
We next move to our primary results, the decomposition of beta exposures to oil prices. We should note that this decomposition accounts for potential nonlinear relations in the level of exposure, the importance of which several studies have previously highlighted in the context of asset pricing (Giddy and Dufey, 1995; Kanas, 1996; Bartram, 2004) .
The decompositions of the sensitivity terms, news about future cash flows and news about future excess returns are reported in table 5. Consider first the market betas on cash flows and excess returns. By construction, the sum of the excess return and cash flow beta equals the total beta, and we expect the excess return betas to be negative, implying that contribution to the total beta is positive (see equation 10).
For all industries, the market betas related to excess returns has the expected sign This study investigates the level of oil price exposure faced by industries in the US. Our study isolates two potentially critical issues that have been predominantly overlooked by the empirical literature to date. First, rather than taking account of the exposure to changes in oil prices, which includes both expected and unexpected changes, we focus solely on unexpected changes. The second critical element of our analysis is that we investigate the possible channels of influence in relation to oil price exposure. The Campbell (1991) decomposition approach adopted here, although novel in this literature, has proven successful in the finance asset pricing literature. Our results for the direct effects of both oil price exposure applied to the US industry portfolios are weak, but consistent with those results documented previously in the literature (see Huang et al., 1996) . There is little evidence to suggest widespread oil price exposure in relation to US industries. It is only when we adopt the beta decomposition that we identify the true extent of oil price exposure.
There is considerably greater levels of oil price exposure once we take into account the channel through which the influence occurs. We find evidence of widespread oil price exposure, with signs that are generally consistent with economic theory. Not only do gold and oil & gas industries benefit from the exposure, these effects are likely to have permanent investment effects. While, industries such as meals, restaurants & hotels and retail are likely to be adversely effected on a permanent basis due to their exposure to oil price movements.
Unlike the previous evidence, which focused purely on aggregate stock returns (see Jones and Kaul (1996) and Kilian and Park (2009) ), our industry analysis finds that both cash flows and excess returns play a statistically significant role. The cash flow channel would appear to dominate those industries that are particularly sensitive to oil price movements. The implication of the cash flow channel bearing the brunt of the exposure is that any positive or negative effect on wealth is likely to be permanent and the investment opportunities into the future are likely to be effected. Our results are a potential indication why previous studies have been unable to uncover the extent of oil price exposure. Results of the sensitivity of each of the industry portfolios to the market return in the US. All figures in parenthesis are t-statistics. A ** and * denote significance at 5% and 10% respectively. Results of the sensitivity of each of the industry portfolios to the market return in the US. All figures in parenthesis are t-statistics. A ** and * denote significance at 5% and 10% respectively.
